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7KLV SDSHU LQWURGXFHV D QHZ DSSURDFK WR YLUWXDOO\ SURWRW\SLQJ E\ XVLQJ GLJLWDO KXPDQ KDQGV PRGHOV DQG KDQG SRVWXUH IRU
JUDVSLQJDQGFRQWUROOLQJREMHFWV LQYLUWXDOZRUOGV7KHDFWXDOSDUWGHVLJQ LVGRQHXVLQJH[LVWHQWRQ WKHPDUNHW&$'VRIWZDUH
7KLV SDSHU SUHVHQWV DOVR WKH FRQFHSWXDO DUFKLWHFWXUH RI D FROODERUDWLYH 3/0 HQYLURQPHQW 0RUH SUHFLVH D FRQFHSWXDO 3/0
V\VWHP DUFKLWHFWXUH ZKLFK FRQWDLQV D YLUWXDO SURWRW\SLQJ IUDPHZRUN IXQFWLRQDO VLPXODWLRQ IUDPHZRUN DQG DQ LQIRUPDWLRQ








SURGXFW OLIHF\FOHPDQDJHPHQW RU VKRUWO\ 3/07KLV HQDEOHV FRPSDQLHV WR GHYHORS DQG VKLS WKHLU SURGXFWVPXFK
PRUHHDVLO\WRWKHPDUNHWDQGLQWKHVDPHWLPHWRNHHSWKHLUFRVWVDVORZDVSRVVLEOH,QWKLVZD\LWFDQEHGHGXFHG
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:LWK WKH GHYHORSPHQW RI VSHFLILF VRIWZDUH IRU HDFK SKDVH LQ WKH OLIHF\FOH RI D SURGXFW PDQ\ RI WKH KXPDQ
DFWLYLWLHVFDQEHDXWRPDWHGRUWKHKXPDQ¶VXVHUZRUNFDQEHHDVHGE\XVLQJWKHVHNLQGVRISURGXFWV)RUH[DPSOH
&$[SURGXFWV OLNH&$'RU&$(FDQEHXVHG LQGHVLJQ YLUWXDO SURWRW\SLQJ DQG UHVSHFWLYHO\ LQ IXQFWLRQDO WHVWLQJ
SKDVHV








-DYD DOORZLQJ WKH UHDOL]DWLRQ RI YLUWXDO DVVHPEO\ SDUW IRU PHFKDQLFDO SURGXFWV HQWLUHO\ LQ D PXFK PRUH QDWXUDO
LQWHUDFWLRQEHWZHHQKXPDQXVHUDQGDFRPSXWHUV\VWHP
,QWKHSDSHURI>@LVSUHVHQWHGDYLUWXDOUHDOLW\V\VWHPIRUSURGXFWGHVLJQXVLQJPRGXODUSDUWV:LWKKLVSDSHUWKH
DXWKRU DOVR SURSRVHG D SUHFLVH WULGLPHQVLRQDO PDQLSXODWLRQ DSSURDFKHV WKDW LPSURYH LQWXLWLYH LQWHUDFWLRQ DQG
















KXPDQ KDQG FDQ EH XVHG WRPDQLSXODWH YLUWXDO REMHFWV LQ DZD\ DOPRVW VLPLODU WR F\EHU JORYHV WR FRQWURO YLUWXDO
KDQGVXVLQJDFRPSXWHUV\VWHP,QWKHZRUNRI>@WKHYLUWXDOHQYLURQPHQWDQGWULGLPHQVLRQDOLQWHUIDFHVFROODERUDWH







7KH UHVHDUFKSUHVHQWHG LQ WKLV SDUHV HVWDEOLVK D FRQFHSWXDO3/0V\VWHPDUFKLWHFWXUHZKLFK FRQWDLQV D SURGXFW
PRGHOOLQJIUDPHZRUNDQGDQ LQIRUPDWLRQVWRUHLQIUDVWUXFWXUHDVLWFDQEHVHHQLQILJXUH7KHSURGXFWPRGHOOLQJ
IUDPHZRUN FRQVLVWV RI DQ DVVHPEO\ SDUW PRGHOOLQJ IUDPHZRUN DVVHPEO\ SDUW PDQLSXODWLRQ IUDPHZRUN DQG D
IXQFWLRQDO VLPXODWLRQ IUDPHZRUN 7KH HVWDEOLVKHG FRQFHSWXDO DUFKLWHFWXUH RI WKH SUHVHQWHG FROODERUDWLYH YLUWXDO
SURWRW\SLQJ V\VWHP UHSUHVHQWV D SDUW RI D PXFK ODUJHU 3/0 V\VWHP ZKLFK FRQWDLQV D YLUWXDO REMHFW JUDVSLQJ
IUDPHZRUNDQLQIRUPDWLRQH[FKDQJHLQIUDVWUXFWXUHDQGDFORXGV\VWHPWKDWHQDEOHVFROODERUDWLRQ7KHVFRSHRIWKH
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DUFKLWHFWXUHLVWRHQDEOHVDFROODERUDWLYHDUFKLWHFWXUHWRUHGXFHWKHWLPHIRUYLUWXDOSURWRW\SLQJE\XVLQJLQQRYDWLYH
ZD\V WR FRQWURO YLUWXDO REMHFWV WKH GHYHORSPHQW RI D NQRZOHGJH UHSRVLWRU\ XVHG E\ HQJLQHHUV LQ GLIIHUHQW
SURWRW\SLQJ VFHQDULRV WKH FUHDWLRQ RI D FROODERUDWLRQ QHWZRUN DPRQJ SHRSOH ZRUNLQJ RQ WKH VDPH SURMHFW LQ
GLIIHUHQWSODFHV
7KH SDSHU LV RUJDQL]HG DV IROORZV LQ VHFWLRQ  WKH V\VWHP DUFKLWHFWXUH SUHVHQWHG IRU WKH FROODERUDWLYH YLUWXDO
DVVHPEO\ VWDJH 6HFWLRQ  SUHVHQW WKH HQWLUH FROODERUDWLYH HQYLURQPHQW DQG VHFWLRQ  SUHVHQW WKH RYHUDOO V\VWHP
DUFKLWHFWXUDOFRQFHSWDQGLPSOHPHQWDWLRQDVDSDUWRID3/0V\VWHP
$UFKLWHFWXUH








DV ZLQGRZV RU 81,;  FRQYHQWLRQ RQ GDWD FRQYHUVLRQ EHFDXVH RQ WKH PDUNHW WKHUH DUH PXOWLSOH PRGHOOLQJ
HQYLURQPHQWV WKH GDWD H[FKDQJHG PXVW EH FRPPRQO\ DFFHSWHG  UHDO WLPH LQWHUDFWLYH DVVHPEO\ RSHUDWLRQ 7KH
GHVLJQHU PXVW PDQLSXODWH WKH REMHFWV 7DVNV VXFK DV JUDVSLQJ PRYLQJ UHOHDVH REMHFWV DQG QDYLJDWH WKURXJK WKH
YLUWXDOHQYLURQPHQWVKRXOGEHUHIOHFWHGDFFXUDWHO\LQWKHYLUWXDOHQYLURQPHQWV\QFKURQL]DWLRQWKHSURGXFWVKRXOG





LQWHUDFWLYH YLUWXDO UHDOLW\ VLPXODWLRQ EHFDXVH WKH FROOLVLRQ GHWHFWLRQ UHTXLUHV ORWV RI FDOFXODWLRQ WKLV ZLOO EH
FDOFXODWHGLQFORXGHQYLURQPHQW
7KH SUHVHQWHG DUFKLWHFWXUH LQWHJUDWHV GLVWULEXWHG DSSOLFDWLRQ IURP GLIIHUHQW HQJLQHHULQJ GRPDLQV VXFK DV
PHFKDQLFDOSDUWWRROVIXQFWLRQDOVLPXODWLRQNLQHPDWLFVNLQHWLFVDQGYLUWXDOUHDOLW\HQYLURQPHQWV7KHFROODERUDWLYH















XVHG WR SURYLGH FROODERUDWLRQ ZLWKLQ D WHDP RU HQWLUH RUJDQL]DWLRQV 7KH GHWDLOHG VWUXFWXUH RI WKH DUFKLWHFWXUH LV
SUHVHQWHGLQ)LJ7KHUHDUHPDLQO\WKUHHSDUWVLQWKHDUFKLWHFWXUHWKHSDUWRIPDQLSXODWLRQRIYLUWXDOREMHFWVDQG
PRGHOVSURGXFWPRGHOOLQJIUDPHZRUNLQIRUPDWLRQVWRUHDQGGDWDH[FKDQJHIRUWKHFROODERUDWLYHPRGHOOLQJ
,Q WKLV SDSHU D VWDQGDUG WKDW SURYLGHV VSHFLILFDWLRQV DQG DQ LQWHJUDWLRQ IUDPHZRUN IRU 3/0 FROODERUDWLYH
HQYLURQPHQWZDVSURSRVHG7KHPRGHOVDQGSURGXFWVLQSUHVHQWGD\FRPSOH[SURGXFWGHVLJQWRROVDUHFRQVWUXFWHG
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:LWK >@ WKH LQWHURSHUDELOLW\ UHSUHVHQWV WKH DELOLW\ RI WZR RU PRUH V\VWHPV RU FRPSRQHQWV WR H[FKDQJH
LQIRUPDWLRQDQGWRXVHWKHLQIRUPDWLRQWKDWZHUHH[FKDQJHG
(YHQLQWKHVLPSOHUFDVHVZKHQWKHGHVLJQHGREMHFWLYHRIDV\VWHPLVWRLQWHURSHUDWHWKHLQWHJUDWLRQSURYHVWREH




GHVFULEHV D FRPSRQHQW FKDUDFWHULVWLFV LW




,Q WKH SUHVHQW DUFKLWHFWXUH LQWHUIDFHV DQG SURWRFROV DUH FRQWUDFWV EHWZHHQ LQWHURSHUDWLQJ V\VWHPV 7KH






(YHQ WKRXJK DV LW FDQEH VHHQ LQ WRGD\PDQ\ FRPSXWHU DSSOLFDWLRQV WKH;0/VWDQGDUGV LV XVHG EXW WKHGDWD
PRGHOVDQGVFKHPDVDUHRIWHQYHU\GLIIHUHQW
$FFRUGLQJ WR >@ WKHUH DUH WKUHH DSSURDFKHV WR RYHUFRPH WKHVH NLQGV RI SUREOHPV 2QH RI WKH IROORZLQJ
DSSURDFKHV FDQ EH XVHG LQWHJUDWHG DSSURDFKHV ZKHUH WKHUH LV D VWDQGDUG IRUPDW IRU DOO FRQVWLWXHQW V\VWHPV  VR
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FRQVWLWXHQW V\VWHP PRGHOV DQ XQLILHG DSSURDFK ZKHUH WKLV LV D FRPPRQ PHWDOHYHO VWUXFWXUH DFURVV FRQVWLWXHQW
PRGHOV SURYLGLQJ D PHDQV IRU HVWDEOLVKLQJ VHPDQWLF HTXLYDOHQFH D IHGHUDWHG DSSURDFK ZKHUH PRGHOV PXVW EH
G\QDPLFDOO\DFFRPPRGDWHGUDWKHUWKDQKDYLQJDSUHGHWHUPLQHGPHWDPRGHO7KLVDVVXPHVWKDWFRQFHSWPDSSLQJLV
GRQHDWDQRQWRORJ\OHYHOIRUH[DPSOHVHPDQWLFOHYHO
,Q WKH IROORZLQJ DUFKLWHFWXUH WR DFKLHYH LQWHURSHUDELOLW\ WKH IROORZLQJ JHQHUDO VWHSV ZHUH WDNHQ WR DFKLHYH
LQWHURSHUDELOLW\GHILQHRUVHOHFWDSSURSULDWHSURWRFROVRULQWHUIDFHVLPSOHPHQWRUDGDSWV\VWHPVWRXVHSURWRFROVRU






,Q WKLV SDSHU WKH DUFKLWHFWXUH SUHVHQWHG ZLOO LQWHURSHUDWH EHWZHHQ GLIIHUHQW FRPSXWHUV ZKHUH PRGHOV FDQ EH
FUHDWHGLQWHURSHUDWHEHWZHHQGLIIHUHQWIXQFWLRQDOVLPXODWLRQSDFNDJHVGDWDH[FKDQJHDQGFRQILJXUDWLRQ
,Q WKH SUHVHQWHG DSSURDFK VHH )LJ  LW LV GHILQHG WKH LQWHURSHUDELOLW\ RI WKH FROODERUDWLYH DUFKLWHFWXUH
DSSOLFDWLRQLQWHURSHUDELOLW\LQWHURSHUDELOLW\EHWZHHQWKHDSSOLFDWLRQV\VWHPVRIWKHRYHUDOODUFKLWHFWXUHPRGHOSDUW







FRQVLGHUDEOH WKH FRPPXQLFDWLRQ EHWZHHQ V\VWHPV DQG UDLVH WKH RYHUDOO HIILFLHQF\ RI FROODERUDWLRQ DQG ORZHU WKH
GHVLJQHIIRUW
$FFRUGLQJ WR >@ WKH IROORZLQJ DVSHFWV DUH WR EH WDNLQJ LQWR FRQVLGHUDWLRQ LQWR GHILQLQJ D VWDQGDUG RI
FRPPXQLFDWLRQSXEOLFDYDLODELOLW\RIDOOWHFKQLFDOLQIRUPDWLRQDYDLODELOLW\RIWUDLQLQJPDWHULDOWUDLQLQJFRXUVHVDQG
KHOSHIIRUWIRUOHDUQLQJWKHVWDQGDUGVLJQLILFDQWO\VPDOOHUFRPSDUHGWRWKHWHFKQLFDOSUREOHPWREHVROYHGSRVVLELOLW\
WRXVH WKHPRGHOZLWKRXW FKDUJH FRQWLQXDQFHRI FRQYHQWLRQV H[WHQGLELOLW\ WRZDUGV VSHFLILF XVH FDVHV VWUXFWXUHG

























VHHPV DQ LQLWLDO ZD\ WR GHWHUPLQH FROODERUDWLRQ &XUUHQWO\ RQ WKH PDUNHW IRXU PHWKRGV IRU H[FKDQJLQJ &$'
LQIRUPDWLRQ H[LVWV 7KH ILUVW RQH LPSOLHV XVLQJ D VLQJOH &$' V\VWHP WKURXJKRXW WKH HQWLUH RUJDQL]DWLRQ RU DQ
HQWHUSULVH 7KDW PHDQV WKH PRGHOV H[FKDQJHG FDQ EH H[FKDQJHG YHU\ VLPSOH IURP RQH VWDWLRQ WR DQRWKHU 7KLV











7KH IRUWKPHWKRG XVHV D QHXWUDO VWDQGDUGL]HG IRUPDW OLNH -7 IURP6LHPHQV '6';)RU&2//$'$ WKDW LV
H[WHQGHG IURP ;0/ $ &$' SURFHVVRU UHFHLYHV WKH &$' QDWLYH ILOH DQG WUDQVODWHV LW WR D QHXWUDO ILOH IRU WKH
SURSRVHGV\VWHPQDWLYHIRUPDW7KHV\VWHPLVWKHQDEOHWRSRVWSURFHVVDQGWRWUDQVODWHWKHUHFHLYHG&$'IRUPDWWR
DQ\&$'V\VWHPIRUPDWWKDWLVUHTXLUHG
7DNLQJ LQWRDFFRXQWDOO WKHGLVDGYDQWDJHVRI WKHSUHVHQWHGPHWKRG WKHIRUWKRQH VHHPV WREH WKHEHVWRQH)RU





&$';0/DQG;0/&$'SDUWVDUHGHVLJQHG LQDZD\ WKDWFDQEHH[WHQGHG ,Q WKH IXWXUH WKHDUFKLWHFWXUHPXVW
DFFRPPRGDWHRWKHUSDUWPRGXOHVDQGDOVRRWKHUWUDQVODWLRQIURP&$';0/DQG;0/WR&$'
7RPDQLSXODWH WKHREMHFWV LQYLUWXDO HQYLURQPHQW WKHQHXWUDO ILOHPXVW EH DEOH WREH LQFRUSRUDWHG LQWR*UDVS,W
ZRUOGILOH*UDVS,WLVDYLUWXDOHQJLQHIRUURERWLFPDQLSXODWLRQFUHDWHGSUHVHQWHGE\*ROGIHGHUZLWKODWHVWXSGDWHVLQ
KLVSDSHU>@
,Q YLUWXDO PDQLSXODWLRQ VLPXODWRU KXPDQ KDQG YLUWXDOL]HG DQG SDUWV DQG REVWDFOH DUH XVHG WR SRSXODWH YLUWXDO
ZRUOGV7KHW\SHVRIGDWDWKDWDUHVWRUHGLQDZRUOGVILOHDUHREVWDFOHVUHSUHVHQWDQ\ERG\WKDWFDQEHORDGHGDVD




WZRRI WKHP LV WKDW WKHJUDVSDEOHERG\ LV LQLWLDOL]HGZLWKG\QDPLFSURSHUWLHV DQG WKHERG\ZLOOPDNHSDUWRIDOO
G\QDPLFFRPSXWDWLRQVPDGHRQWKHYLUWXDOZRUOGVWKHURERWHYHU\URERWWKDWZLOOEHORDGHGLQYLUWXDOZRUOGVZLOO
KDYHSDUDPHWHUVVXFKDVILOHQDPHWKDWUHSUHVHQWDSRLQWHUWRWKH;0/ILOHUHSUHVHQWLQJWKHYLUWXDOZRUOGVGRI9DOXH
WKDW UHSUHVHQW D VWULQJ FRQWDLQLQJ WKH GHJUHHV RI IUHHGRP RI KXPDQ KDQG DQG D WUDQVIRUPDWLRQ WKDW UHSUHVHQW WKH





IRU VXUIDFH GHILQLWLRQ WKDW DUH XVHG IRU FROOLVLRQ GHWHFWLRQ V\VWHPPDWHULDO WKH PDWHULDO RI D YLUWXDO ERG\ LV
LQIOXHQFLQJWKHDPRXQWRIIULFWLRQSRVVLEOHZKHQERG\LVLQFRQWDFWZLWKYLUWXDOKDQG7KHIULFWLRQFRHIILFLHQWFDQEH
GHILQHG IRU HDFKPDWHULDO LQ SDUW 7KH IULFWLRQ FRHIILFLHQW DIIHFWV JUDVSLQJ TXDOLW\ WUDQVIRUPDWLRQ UHSUHVHQW WKH
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SRVLWLRQDQGRULHQWDWLRQRIHDFKYLUWXDOREMHFWLQWKHIUDPHRIUHIHUHQFHXVLQJWKHYLUWXDOZRUOGFRRUGLQDWHV\VWHP










7R H[SORUH DQG DQDO\VH WKH ODUJH QXPEHU RI FRQILJXUDWLRQ DQG EHKDYLRXU SDWWHUQV WKH LQGXVWU\ QHHGV QHZ
GHYHORSPHQWPHWKRGVDQGWRROV,QRUGHUWRHQVXUHGDWDFRPPXQLFDWLRQEHWZHHQWKH&$'V\VWHPVDQDSSURSULDWH
DUFKLWHFWXUHEDVHGRQRSHQ VWDQGDUGL]HGDQGVHFXUH VHUYLFHVZDVFUHDWHG7KLVPXVW JUDQW VHFXUHGDFFHVV WRHDFK
HQJLQHHUXVLQJ&$'VRIWZDUHZLWKLQWKH,7V\VWHPDQGDVVXUHLQIRUPDWLRQVHFXULW\ZKLOHVXSSRUWLQJFROODERUDWLRQ
DQGEXVLQHVVJURZWK7KHSURSRVHG ,7VROXWLRQ LVEDVHGRQ WKHFORXGFRPSXWLQJ LQIUDVWUXFWXUHZKHUHDVDFFHVV WR
VRIWZDUHVHUYLFHVLVSURYLGHGRQGHPDQGLQDIOH[LEOHDQGDJLOHPDQQHU7KHFORXGLVLPSOHPHQWHGIRUVXSSRUWLQJWKH
LQFUHDVHG GHPDQG RI FRPSXWLQJ SRZHU QHHGHG LQ WKH &$' SURFHVVHV GXULQJ HDFK OLIHF\FOH SKDVH RI D SURGXFW
&ORXGVHUYLFHV IDFLOLWDWH WKHXVHRIFXPXODWLYHKDUGZDUH UHVRXUFHVDQGDOORFDWHFRPSXWLQJSRZHU LQ VROYLQJ WDVNV
GHPDQGLQJ KLJK FRPSXWLQJ SRZHU LQGHSHQGHQW RI WKH XQGHUO\LQJ LQIUDVWUXFWXUH 7KH FORXG LPSOHPHQWHG LQ WKLV
ZRUN LVEDVHGRQ WKH ,%0&ORXG%XUVWSURGXFWZKLFKHQDEOHVXVHUVDQGGHYHORSHUV WRFUHDWH WHVW DQGXVHYLUWXDO
DVVHPEOLHVLQGHSHQGHQWRILWVJHRJUDSKLFGLVWULEXWLRQ7KHVXFFHVVIXOLPSOHPHQWDWLRQRIWKHFORXGUHTXLUHVDVROLG
DUFKLWHFWXUDO DSSURDFK WR VXVWDLQ WKHGHOLYHU\RI WKH ,7 VHUYLFHV )RU WKLV SXUSRVH VHUYLFHRULHQWHG DUFKLWHFWXUH LV
XVHG WR VKDUH ,7 VHUYLFHV RQGHPDQG UHOHDVH DQG UHDOORFDWH WKHP LQ DFFRUGDQFH WR EXVLQHVV QHHGV E\ WDNLQJ
DGYDQWDJH RI WKH G\QDPLF DOORFDWLRQ RI UHVRXUFHV 7KHPHWKRG SUHVHQWHG LQ WKLV SDSHU VKRZV KRZ HQJLQHHUV DUH
DOORZHGWRLQWHUDFWLYHO\FRPSRVHYLUWXDOSURWRW\SHVLQYLUWXDOZRUG7KHGHVLJQDSSURDFKLVEDVHGRQFRPELQLQJWKH
LQWHUFRQQHFWHG V\VWHP HOHPHQWV QDPHG V\VWHP SDUWV DQG WKHQ GXULQJ WKH V\VWHP H[HFXWLRQ SKDVH LQ YLUWXDO
SURWRW\SH LVV\QWKHVL]HGDQG WKHQDQDO\VHG ,Q WKHV\VWHPV\QWKHVLVSKDVH WKHHQJLQHHUVFDQKDQGOHPRYHJUDVS






WHDPVZRUN WRJHWKHU WRGHILQHPRGHOSDUWVRIDFRPSOH[SURGXFWGHVLJQHUDQGHQJLQHHUVZRUN WRJHWKHU WRYLUWXDO
DVVHPEOHWKHFRPSOH[SURGXFWIURPPRGHOSDUWVWKHV\VWHPDQDO\VWIHHGWKHSURGXFWLQWRWKHIXQFWLRQDOVLPXODWLRQ

























:LWK WKH SUHVHQWHG FROODERUDWLYH YLUWXDO DVVHPEO\ V\VWHP D XVHU PD\ H[SHULPHQW LQ UHDO WLPH DVVHPEO\







:H H[SUHVV RXU JUDWLWXGH WR WKH FRPSDQ\ &/226 LQ *HUPDQ\ DQG LWV UHSUHVHQWDWLYH LQ 5RPDQLD 7LPLVRDUD
52%&21FRPSDQ\IRUVXSSRUWLQJRXUUHVHDUFKZKRVHUHVXOWVDUHSUHVHQWHGLQSDUWLQWKLVSDSHU
5HIHUHQFHV
>@ *XLPLQ/6XURQJ6'HVNWRSYLUWXDODVVHPEO\V\VWHPEDVHGRQ3&WK,QWHUQDWLRQDO&RQIHUHQFHRQ&RPSXWHU$LGHG,QGXVWULDO'HVLJQDQG
&RQFHSWXDO'HVLJQ
>@ 3HQJ*:DQJ*/LX:<X+$GHVNWRSYLUWXDOUHDOLW\EDVHGLQWHUDFWLYHPRGXODUIL[WXUHFRQILJXUDWLRQGHVLJQV\VWHP-RXUQDO&RPSXWHU
$LGHG'HVLJQDUFKLYH9ROXPH,VVXHS
>@ 6LPDUG-$PPL0+DSWLFLQWHUSHUVRQDOFRPPXQLFDWLRQLPSURYHPHQWRIDFWLRQVFRRUGLQDWLRQLQFROODERUDWLYHYLUWXDOHQYLURQPHQWV
9LUWXDO5HDOLW\9ROXPH,VVXH6HSWHPEHUS
>@ 0ROGRYDQ&&6WDUHWX,5HDOWLPHJHVWXUHUHFRJQLWLRQIRUFRQWUROOLQJDYLUWXDOKDQG$GYDQFHG0DWHULDOV5HVHDUFK9RO
>@ 0ROGRYDQ&&6WDUHWX,5HDOWLPHKDQGWUDFNLQJDQGJHVWXUHUHFRJQLWLRQIRULQWHUDFWLYHYLUWXDOKDQGFRQWURO7KHWK,QWHUQDWLRQDO
&RQIHUHQFH&RPSXWDWLRQDO0HFKDQLFVDQG9LUWXDO(QJLQHHULQJ&20(&%UDVRYS
>@ .RVWLF=5DGDNRYLF'&YHWNRYLF'7UDMNRYLF6-HYUHPRYLF$&RPSDUDWLYH6WXG\RI&$'6RIWZDUH:HE'7HFKQRORJLHVDQG([LVWLQJ
6ROXWLRQVWR6XSSRUW'LVWDQFH/HDUQLQJ6WXGHQWVRI(QJLQHHULQJ3URILOH,-&6,,QWHUQDWLRQDO-RXUQDORI&RPSXWHU6FLHQFH,VVXHV9RO
,VVXH1R
>@ 0D'=KHQ;+X<:X')DQ;=KX+&ROODERUDWLYHYLUWXDODVVHPEO\RSHUDWLRQVLPXODWLRQDQGLWVDSSOLFDWLRQ9LUWXDO5HDOLW\	
$XJPHQWHG5HDOLW\LQ,QGXVWU\3URFHHGLQJVRIWKHQG6LQR*HUPDQ:RUNVKRS
>@ 3HQJ&HWDO9LUWXDO$VVHPEO\6\VWHPZLWK9LVLRQ%DVHG*ORYH$GYDQFHG6FLHQFH/HWWHUV9ROXPH1XPEHUS
>@ ;LD3-/RSHV$05HVWLYR07<DR<;$QHZW\SHKDSWLFVEDVHGYLUWXDOHQYLURQPHQWV\VWHPIRUDVVHPEO\WUDLQLQJRIFRPSOH[SURGXFWV
7KH,QWHUQDWLRQDO-RXUQDORI$GYDQFHG0DQXIDFWXULQJ7HFKQRORJ\9ROXPH,VVXHS
>@,(((6WDQGDUG&RPSXWHU'LFWLRQDU\$&RPSLODWLRQRI,(((6WDQGDUG&RPSXWHU*ORVVDULHV,QVWLWXWHRI(OHFWULFDODQG(OHFWURQLFV
(QJLQHHUV1HZ<RUN
>@%DPEHUJHU).)RUG3:LQJ-5	'IRUWKH1,,7HFKQLFDO&KDOOHQJHV,QWHUXQLYHUVLW\&RPPXQLFDWLRQV&RXQFLO,QF
>@1DJHO%%|KQNH'*ROOQLFN96FKPROOJUXEHU35L]]L$/D5RFFD[*$ORQVR--&RPPXQLFDWLRQLQDLUFUDIWGHVLJQFDQZHHVWDEOLVKD
FRPPRQODQJXDJH"WK,QWHUQDWLRQDO&RQJUHVVRIWKH$HURQDXWLFDO6FLHQFHV
>@*ROGIHGHU&HWDO7KH&ROXPELD*UDVS'DWDEDVH,(((,QWHUQDWLRQDO&RQIHUHQFHRQ5RERWLFVDQG$XWRPDWLRQ
